55 38 5 5 FEREMBEXRLHFR Vol.38 No.5
2020 4 09 H Agricultural Research in the Arid Areas Spet. 2020

M E4E;1000-7601(2020)05-0071-08 doi : 10.7606/].issn.1000-7601.2020.05.11
AN EI7K 53 5 & 1E R Ab 3B X 43 7
A 3B 5 1% A0 = =2 A =2 i

REF BT, T, RRE, X FE

(NZEE R R A BE, NS IFRINESE 010019)

W OEAUWMERAET, U AKS 5 RBEZNME, A ME(45% 8 A FAKE(FWC) ) fn E# K
(75%FWC) A FB T, TR 4 AR A 0 b W ot 36 LB (HA) A A(WT), MERRLZHMKTEA AR
HABER FERAMRERE AR E TR MR EEER B RERERY AR FTERNRE R, £RE
W, 5 i WT ALFE ARt , 45%FWC 432 T 97 HA »F R o 4 A4 & (SPAD) FE 4137 #1445 3 o E 3¢ 3 0 L 42
5 16.7% 7.0%%0 15.1% , T A B & 2 F R 5 14.1% 16.7% 71 6.3% , 7 — B 4B 4 5 T % 20.3% . 11.2% #0
7.8%(P<0.05) ;5 i HA vt A A4 B EF, H 45%FWC B2 5 T 75%FWC 432 | 7E4h 48 #1355 &% &, 45%
FWC AT, 5 M9 HA Ak NES 8 5 o, SN HA B TR ER 8 m, HAEKFEL

K, RIEZAERF RBEN KB THRIA TEZRETHA LRI RERABEEMBEE T &,
HTRFFRAERKLTHAREG T E, VUKL ME LG TER T WM EN T E HA, E% A2 &6 TEMEN R
i HA,

R R R M AR £ TR T E DR

FESES.S512.6  XEERE:A

Effect of water stress and foliar-applied humic acid on physiological
properties and yield formation of naked oats

ZHAO Baoping, HAN Wenyuan, SUN Wen, WU Junying, LIU Jinghui
(College of Agronomy ,Inner Mongolia Agricultural University, Hohhot, Inner Mongolia 010019, China)

Abstract: Under the condition of rain-proof shelter and using naked oats ‘ Neiyan 5’ as material, we conduc-
ted a pot cultivated experiment to test the effects of different water treatments (45% and 75% of field water capaci-
ty, FWC), and foliar-applied humic acid (HA) and water (WT) at jointing, heading and grain-filling stages on
plant leaf morphological, physiological indices and grain yield components. The research was to clarify which growth
stageis suitable for applying HA based on drought resistance and yield improvement, and to provide a theory on oats
high-yielding and drought-resistant cultivation. The results showed that under 45% of FWC and foliar-applied HA ,
the relative chlorophyll content (SPAD) in leaves was 16.7%, 7.0%, and 15.1% higher than that of WT treatment
at jointing, heading and grain-filling stage, respectively; the POD activity was 14.1%, 16.7%, and 6.3% higher
than that of WT treatment, and the MDA content was 20.3%, 11.2%, and 7.8% lower than that of WT treatment
respectively (P<0.05). Under 45% and 75% of FWC, the proline content ( Pro) both increased when spraying
HA ;the value under 45% of FWC was significantly higher than that of 75% of FWC, and reached the maximum at
heading stage. Under 45% of FWC, the number of spikelet per panicle was increased significantly when spraying

HA at jointing stage, while the grain number per panicle and 1000—grain weight significantly increased when spra-
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ying HA at heading stage, and the grain weight increased by more than 10% (P<0.05). Under 75% of FWC, the
grain number per panicle increased significantly, and the grain weight increased most at heading stage. In
summary , under water stress, spraying HA at the jointing and heading stages could significantly improve photosyn-
thetic capacity, enhance antioxidant enzyme activity and osmotic regulation ability, thus promoting grain develop-

ment and improving yield. In practice, it is recommended that spraying HA at the jointing and heading stages under

drought conditions, and at the heading stage under sufficient water conditions.

Keywords: naked oat; water stress; humic acid; drought resistance; yield formation
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Table 1 Experimental setting scheme
NS Ab PR Ab AR [Ehaany
Experimental factor Treatment Treatment code Experiment design
HA I RIS 42 d Stk 3
Jointing Treatments were carried out 42 days after sowing
hBLHIN: ; e
AR e HEFR 54 d SoiGALA
reatment K H . .
tage Heading Treatments were carried out 54 days after sowing
stage
TR G R 66 d STt AL HL
Grain-filling Treatments were carried out 66 days after sowing
Ko iia F ) Fp 7K i 45% 7K 73R B2 7 d
/ kéjﬂii Water stress A5%EWC The 45% field water capacity was treated for 7 days
ater
\reatment IEHRfK 750 FWC H TR K B 75% K 434 B8 7 d
Normal water supply The 75% field water capacity was treated for 7 days
" 7K RGP AL ERES 1 RIS 50 ml 77K
I]ﬁ‘
:Eﬁﬂ\}i Water wr 50 ml water was foliar-applied on the first day of water treatment
Sprayin NN Sk AL S 1 Al
e R HA ARAPHRISRS 1 FWEHE S0ml 5 A RRK IR

Humic acid foliar fertilizer

50 ml humic acid foliar fertilizer was foliar-applied on the first day of water treatment
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Note ; Different letters in each column indicate significant
difference (P<0.05). The same below.
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Fig.1 Effect of water stress and humic acid foliar fertilizer

on the SPAD readings of oat leaves
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Table 2 Difference significance and coefficient of variation for physiological indexes in oat under different treatments

NS i —mit VR L
s A AR AN e Do BRAREE SR
. . . . Malondialdehyde Proline Leaf area
Treatment SPAD value SOD activity POD activity
content content per plant
KA Water (W) P % % P % % P P
Wil Spraying(S) %% % % % %ok % %ok %% %
S e % % % ok %o o % %
Treatment stage (T)
WxS ® % % % % * Py ® % % ® % %
WXT %% % # % ok * o k ns
SXT ns ns ns R ns ko
WXSXT o P # ns ok o
CV/ % 1.20 0.99 3.15 2.42 1.21 2.00
Pr>F <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

TE: o, s, wowo s FORAALEIZE T B F K4 310 0.01<P<0.05,0.001<P<0.01,P<0.001 KZRAREE, TR,
Note; * , #%  ##+% and ns indicate the significant level of each treatment as 0.01<P<0.05,0.001<P<0.01, P<0.001, and not significant. The same below.
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Fig.2 Effect of water stress and humic acid foliar fertilizer

on antioxidant enzyme activity of oat leaves
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Fig.3 Effects of water stress and humic acid foliar fertilizer

on the content of MDA in oat leaves
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Fig.4 Effects of water stress and humic acid foliar fertilizer
on free proline content in oat leaves
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Fig.5 Effects of water stress and humic acid foliar
fertilizer on leaf area in oat leaves
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Table 3  Effect of water stress and humic acid foliar fertilizer on grain yield and yield components in oat
ISR KM BGEAE R ko PEMREC s peme wbore
- 4 ” . " - Spikelet e 5 - N8 . M. &
Treatment Water Spraying Plant Panicle Grain number Thousand Grain weight
stage treatment treatment height/cm height/cm number per ear kernel weight per plant
per plant
459%FWC wT 77.0+1.0d 10.7+0.8d 12.8+1.9¢ 37.7+5.4f 20.0+0.2g 0.88+0.045gh
A5 HA 80.0+1.1d  11.0x1.1cd 17.5+1.3ab 42.6+7.5def 24.2+0.5d 0.98+0.024e
Jointing stage 750, Py wT 92.3+5.5ab  12.3+1.4ab 14.7+2.1d 49.1+12.1de 25.8+0.4¢ 1.08+0.021d
HA 92.7+4.7a 13.3+1.9a 15.2+1.9d 57.5+18.0bc 29.9+0.2a 1.22+0.025ab
45% FWC wT 85.3+1.5¢ 11.8+1.6bc 12.7+1.5e 37.6£15.1f 21.7+£0.4f 0.85+0.004h
] HA 85.7+£3.2¢ 12.8+1.4ab 15.6+1.9¢d 43.7+10.4def 25.7+0.4¢ 0.96+0.056ef
Heading stage 75% FWC wT 93.0+1.0a 12.8+2.0ab 16.9x1.8bc 50.8+9.7cd 22.8+0.8e 1.13+£0.046¢d
HA 94.0+3.5a 13.3£1.0a 17.9£1.9ab 64.3+16.1b 24.7+0.4d 0.22+0.04a
S 45% FWC wT 88.0£2.0bc  11.9x1.2bc 15.0+2.2d 38.3x7.2f 22.0+1.0ef 0.78+0.0241
HA 90.3+0.6ab  12.7+1.3ab 17.0+1.7be 42.1+10.1ef 22.8+0.9¢ 0.92+0.023fg
Grain-filling WI 923:0.6ab  12.2¢1.2ab  18.1£29ab  59.7£20.6bc  23.9+0.4d  1.1740.031be
stage 3% FWC HA 92.3+2.1ab  12.4+1.9ab 18.7+0.6a 67.3+£16.9a 29.0+0.3b 1.23+0.04a
K4y Water (W) sk ok sk ok sk ok wok ok sk ok sk ok
Wit Spraying(S) ns 3k ®k % * % R Wk ok
ALPEIHE Treatment stage (T) # kK * # 3k * ok sk % ns
WxS ns ns ok ok * ns ns
WxT EE D * % EIE S * % EEIEY ® ok ok
SXT ns ns ns ns * % ns
WxSXT ns ns ns ns R ns
CV/ % 3.08 5.20 5.68 12.56 2.19 3.13
Pr>F <0.0001 0.0006 <0.0001 <0.0001 <0.0001 <0.0001

T : [ 5B A Rl P RER R 22 5 .3 (P<0.05)

Note : Different letters in each column indicate difference significant (P<0.05).
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Table 4  Correlation analysis of yield components indices in oat under water stress and humic acid foliar fertilizer treatments

s BRI AR TR Bk
Index Spikelet number per plant  Grain number per ear Thousand kernel weight Grain-weight per plant
ML Leaf area 0.77*** 0.57*** 0.34* 0.41"
Bk Plant height 0.51** 0.54**" 0.43** 0.64"""
f#H K Panicle height 0.31 ns 0.31 ns 0.47*** 0.46**"
BARR/NEEL Spikelet number per plant 0.66 """ 0.39" 0.57 "
PAFHAIEL Grain number per panicle 0.66 “"* 0.56*"* 0.77 ***
T-$i E Thousand kernel weight 0.39* 0.56 """ 0.69 ***
KPR Grain weight 0.57°"* 0.77°"* 0.60%**

H 22 (Pro) 4L BT h EZE BB T
JoT, A 45 B 30 T RE OR AP 20 AR AR AN A BT I AR E
PRI B B mE K P REMR K
P AEYIE K 0 A R Pro & & T 2 AR HE
e 3 M EFRIK AT Pro & &, B
o R it A S A S R R R R A 5T
RIN AE R EEFNER K o3 8 R W HA ez iy
Pro & THE s AWFSE P 3 N E B AW HA, IF
B AL ACFIZK 43 o8 T e 42 it 9 Pro i34 L,
ARG E T Pro ¥ i 3 i T 1IE F K b #E, 76
PRI IR B 5 o, Ul B AR e it HA fle i 1 e
Pro £ 2 M T 34 5% Pt B4, AR 1T, Khorasaninejad
S AR A A R RS R E MR A T
RIR, JKAY G R Wi HA J5 AR A Pro & & HI
TR, S B2 ) D AT BB AT LA BT I
— g PR T e [ R AN [ S 2
[ R, HA {2 Pro & & T WO RE B AT
REMLE . T2 k85 & R[], Khorasaninejad % | JE
BFACSFWFI AR ARG SF AT, X 55 5
AT I 2 R A PR Y A 3K oA AR R
ABA {55 AL T 2 1 13K, 1 ABA /2 Pro L2
MR A5 S5 W R, i F 3t A8 Pro & &
T

ENGIES=RNE Y &g SEREF NV iS4 R (=7
PESEARKET, REE 7R Moghadam
IS B, W HA Xt /K A3 B R 38 ok =
EACR R E TR T T Rk E . AR
AHRIE KL HA XHEY) 3353 SR ™ 2 51 A fie
PR ARBFSE & BK S ka0 R 4R 1wt
HA , e /INER S 25 3 , i i B 0T 5 HA 5 78
RSO Tr B X8 DR 82 42 e, I ELIX A 2 75 I 40
WSt HA Ab 3 786 27 B b b i 412 v e B2 2 AT 10%
(2% 3); MAEIEH LKA | Wit HA J5 SRR 5L
RN, /N 5 A T R AN, ELAE
RRE ) P R B 1 R 3K 38 g A T 2 P ) T 2 e A7 A

FLEOE ) S 1) BT AR I Wit HA BEAE
ERETRATRL R, P £ = R =, A M AT
SRR (R 4) , bRk E SR B A e M e R
(r=0.76,P<0.001) , HW T i F AN (r =
0.697F1 0.57, P<0.001) , AHIF5E7EHE I Wit HA
i FHE A KA P AR T A A R T 34 ) e 55 T Al A
AEE I, AR T I e © &5 T AR K IE %
BB, HA &k #84E FH BsF [a] 45 0, A 45 D448 7= 25 R A
.,

25 L BT R A K A3 i aE R Wi HA
CIRTE NS AUN IS i DA = E kR L EiIb
BIHTTRE ST, HE i vERE R A K R B IR =
FESERRAE = K o W3 2500 T W5t HA () S5 AR i
R SCTT RhAY , IE 5 K 2 2 0F T B HA 119
TR 2 AR

& % 3 k.

[1] Bodner G, Nakhforoosh A, Kaul H P. Management of crop water under
drought: a review[ ] ]. Agronomy for Sustainable Development, 2015,
35(2) :401-442.

[2] Kadam N N, Xiao G, Melgar R J, et al. Chapter Three—Agronomic
and physiological responses to high temperature,, drought, and elevated
CO, interactions in cereals [ J]. Advances in agronomy, 2014, 127,
111-156.

[3] Marshall A, Cowan S, Edwards S, et al. Crops that feed the world 9.
Oats- a cereal crop for human and livestock feed with industrial appli-
cations[ J]. Food Security, 2013, 5(1) :13-33.

[4] AEKS, BIBRS. M E(M]. Juat. Rl A, 2013;
1-23.

[5] Al-Tabbal J A, Abu-Darwish H H, Alhrout H S, et al. Response of
onion (allium cepa) crop to foliar application of humic acid under
rain-fed conditions [ J ]. International Journal of Agriculture and
Biology, 2018, 20(5) : 1235-1241.

[6] Barekati F, Hervan E M, Shirani Rad A H, et al. Effect of sowing
date and humic acid foliar application on yield and yield components of
canola cultivars [ J ]. Tarim Bilimleri Dergisi-Journal of Agricultural
Sciences, 2019, 25(1) .70-78.

[7] Olk D C, Dinnes D L, Scoresby J R, et al. Humic products in agricul-

ture: potential benefits and research challenges-a review[ J ]. Journal



78

T T XA TS

38 %

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[19]

of Soils and Sediments, 2018, 18(8) :2881-2891.
Nardi S, Ertani A, Francioso O. Soil-root cross-talking: The role of
humic substances [ J ]. Journal of Plant Nutrition and Soil Science,
2017, 180(1) :5-13.
Abdelaal K A A, Hafez Y M, El-Afry M M, et al. Effect of some os-
mo-regulators on photosynthesis, lipid peroxidation, antioxidative ca-
pacity, and productivity of barley ( Hordeum vulgare 1..) under water
deficit stress [ J ]. Environmental Science and Pollution Research,
2018, 25(30) :30199-30211.
R, HEE, v, A WO RS T R M T A X /N
LA AN i S BTSN () ). B RO R ~222 41, 2018,
41(4) : 685-690.
Kaya C, Akram N A, Ashraf M, et al. Exogenous application of
humic acid mitigates salinity stress in maize (Zea mays L.) plants by
improving some key physico-biochemical attributes [ J ]. Cereal
Research Communications, 2018, 46( 1) :67-78.
Lotfi R, Kalaji H M, Valizadeh G R, et al. Effects of humic acid on
photosynthetic efficiency of rapeseed plants growing under different
watering conditions[ J]. Photosynthetica, 2018, 56(3) :962-970.
TRADE, ARG, BT, AR JEAR RN RE T A T e
AL A VN PR B2 [T ], i el R 272740,
2018, 23(9) : 11-20.
PR R AE Y AR B SRR EOR [ M. bR
2006:208-231.
TKoKE, w58, MIAR%, & RO HAEY ALK AP LR T3
JE[T]. HiPrEFESHEEEER, 2017, 23(4) : 1065-1076.
Bodner G, Nakhforoosh A, Kaul H-P. Management of crop water un-

o S BT R A

der drought; a review[]]. Agronomy for Sustainable Development,
2015, 35(2) :401-442.

TRERE, =i, HEP, S BTN TR A X AN
TR PR AL SRR [ )], AR RN IR 2R,
2019, 35(1): 121-127.

Bulgari R, Cocetta G, Trivellini A, et al. Biostimulants and crop re-
sponses; a review|[ J |. Biological Agriculture & Horticulture, 2015,
31(1) :1-17.

De Campos M K F, De Carvalho K, De Souza F' S, et al. Drought tol-
erance and antioxidant enzymatic activity in transgenic ‘Swingle’ cit-
rumelo plants over-accumulating proline[ J ]. Environmental and Ex-
perimental Botany, 2011, 72(2) :242-250.

Shahzad M A, Jan S U, Afzal F, et al. Drought stress and morpho-
physiological responses in plants[ C]//Ahmad P. Water Stress and

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

crop plants. UK John Wiley & Sons, Ltd: 2016.:452-467.

Ghobadi M, Taherabadi S, Ghobadi M-E, et al. Antioxidant
capacity, photosynthetic characteristics and water relations of
sunflower ( Helianthus annuus 1.) cultivars in response to drought
stress[ J]. Industrial Crops and Products, 2013, 50,29-38.

FIR A AT 55 SN NO US54 BTSSR T+
A RGN AR R R ISE R [T ] PR R R ( E AR
) ,2014,36(4) :14-21.

Dien D C, Mochizuki T, Yamakawa T. Effect of various drought
stresses and subsequent recovery on proline, total soluble sugar and
starch metabolisms in Rice (Oryza sativa L.) varieties[ J]. Plant Pro-
duction Science, 2019, 22(4) :530-45.

Khorasaninejad S, Aalizadeh Ahmadabadi A, Hemmati K. The effect
of humic acid on leaf morphophysiological and phytochemical
properties of Echinacea purpurea L. under water deficit stress[ J ]. Sci-
entia Horticulturae, 2018, 239,314-323.

Man D, Bao Y X , Han L. B, et al. Drought tolerance associated with
proline and hormone metabolism in two tall fescue cultivars[ J]. Hort-
Science, 2011, 46(7) ;1027-1032.

XUFS, XFOHE, BRAndr, 45 SRR IR it (R b i
TEPHERIE B W) B 2w [J]. HEMEHEK 2240, 2014, 33(1):
107-109.

PEFAL, B, KoK, . AL SIS FHIRICHEXT BE AR R T A
RN K [T ], TR X RIS HEE, 2019, 33(3):
184-188.

Farooq M, Wahid A, Kobayashi N, et al. Plant drought stress:
effects, mechanisms and management [ J]. Agronomy for Sustainable
Development, 2009, 29(1) ;185-212.

Moghadam H R T, Khamene M K, Zahedi H. Effect of humic acid
foliar application on growth and quantity of corn in irrigation withhol-
ding at different growth stages[ J]. Maydica, 2014, 59(1-4) ;125-129.
Hartz T K, Bottoms T G. Humic substances generally ineffective in
improving vegetable crop nutrient uptake or productivity [ J ]. Hort-
Science, 2010, 45(6) ;:906-910.

Ahmad W, Shah Z, Khan F, et al. Maize yield and soil properties as
influenced by integrated use of organic, inorganic and bio-fertilizers
in a low fertility soil[ J]. Soil & Environment, 2013, 32(2) :121-9.
Finnan J M, Spink J. Identification of yield limiting phenological pha-
ses of oats to improve crop management[J]. The Journal of Agricul-

tural Science, 2017, 155(1) ;1-17.



